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Summary 
 
The main objectives of this thesis were to: 1. investigate the effects of acute and chronic hypoxia on 
human thermoregulation and mucosal immunity, specifically salivary immunoglobulin A (s-IgA) and 
salivary alpha-amylase during mild cold exposure at rest (Chapter 4 and 5), 2. identify the 
effectiveness of four practical field re-warming methods for the field treatment of cold casualties on 
thermoregulation and metabolism (Chapter 6), 3. examine the s-IgA response during and following 
mild hypothermia (Chapter 7) and 4. determine the efficacy of three field protection methods for the 
prevention of heat loss in non-shivering cold casualties using an in vitro torso model exposed to -
18.5°C, 0°C and 18.5°C for four hours (Chapter 8). 
Two hours of exposure to a simulated high altitude of 4000m, regardless of hypoxic acclimatisation, 
did not alter core or mean skin temperature during cold exposure. Nonetheless, hypoxia reduced 
metabolic heat production which may cause thermoregulatory implications during longer bouts of 
cold exposure. Chronic hypoxia reduced thermal sensitivity to the cold which may lead individuals 
to neglect appropriate behavioural thermoregulation and increase the risk of local and whole body 
cold injuries. Given s-IgA responses were unaffected by hypoxia in the cold before and following the 
18 day mountaineering expedition suggests individuals are not at risk from URTI upon arrival to 
altitude. 
During a three hour ‘awaiting rescue’ scenario following cold water immersion to reduce core 
temperature, a triple layered, metallised survival product with cells to trap heat and self-activating 
chemical heat pads was more superior at re-warming cold individuals compared to other methods 
tested. The insulative attribute of this survival bag may reduce possible shivering-induced fatigue 
and the subsequent increase in heat loss during more prolonged periods of cold exposure (> 4 hours).  
A reduction in core temperature (≥ 1.5°C) resulting from cold water immersion and subsequent cold 
air exposure suppressed the usual daily s-IgA response which may increase susceptibility to illness 
and infection (i.e. URTI, common colds, influenza) if re-warming is not initiated immediately.  
A non-shivering, in vitro torso model demonstrated that a triple-layered, metallised survival product 
with cells to trap heat and self-activating chemical heat pads was the most superior of three field cold 
protection methods to reduce heat loss during exposure to a variety of  ambient temperatures (-
18.5°C, 0°C and 18.5°C) for four hours.  
It would appear when individuals experience cold stress at sea level or altitude, a triple-layered, 
metallised survival product with cells to trap heat and self-activating chemical heat pads may be the 
optimal light-weight field treatment to counteract the potential onset of hypothermia. For non-
shivering casualties, this survival product may greatly reduce heat loss creating a longer survival 
time while waiting for evacuation to superior medical treatments (e.g. hospitals). 
The overall aim of this thesis was to clarify the immediate health risks for individuals exposed to the 
extreme environments of cold and/or hypoxia, and if simple countermeasures which can be easily 
administered, offer suitable protection in the field to reduce such risks. The key message of this 
thesis is that individuals exposing themselves to cold and/or hypoxia when un-acclimatised to such 
conditions should carry self-administering survival bags and follow a specific programme of 
monitoring thermoregulation and upper respiratory symptoms in order to remain free of illness (e.g. 
rhinovirus, bronchitis) and peripheral or central cold injury (e.g. hypothermia and frostbite). 
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Thesis Format 
A literature review (Chapter 2) provides a brief background and proposes the broad aims of the 
research presented in the thesis. A general methods chapter follows to outline the common 
procedures and analyses performed in the subsequent experimental studies (Chapter 3). The thesis 
consists of three independent experimental studies. The first study investigates the effects of acute 
and chronic hypoxia on thermoregulation, thermal sensitivity and mucosal immunity (s-IgA) during 
mild cold exposure (Chapter 4 and 5). The second experimental study is also divided into two 
chapters which investigate the effects of practical field re-warming methods for the treatment of 
shivering cold casualties upon thermoregulation, metabolism and muscosal immunity (Chapter 6 
and 7). The third experimental study considers the efficiency of these field protection methods to 
reduce the rate of heat loss in non-shivering cold casualties (Chapter 8). A general discussion 
(Chapter 9) contains a summary and critical analysis of the main findings of the research 
programme, highlighting potential areas for future research. As all chapters are linked, at times there 
is necessary overlap between chapters. Throughout the thesis abbreviations are defined at first use. 
For clarity a list of abbreviations, tables and figures appears prior to Chapter 1. Bold type is used 
when referral is required to sections elsewhere in the thesis. 
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